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DOUBLE BOND POSITIONS IN THE UNSATURATED FATTY
ACIDS OF YERNIX CASEOSA*
DONALD T. DOWNING, Pu.D. AND RICHARD S. GREENE, M.D.
Previous investigators have shown that hu-
man skin lipids contain unsaturated fatty acids
which are highly unusual as regards the position
of the double bonds. Weitkamp et at (1) and
Nicolaides et al (2) investigated the free fatty
acids of skin surface lipid extracted from hu-
man hair and concluded that the monoenoic
acids had double honds in the S position, or in
positions derivable from this by addition or
substraction of two-carbon units. The sole ex-
ception was oleie acid, which constituted 1.8%
of the unsaturated acids, and it was suggested
that this A° compound might arise from bac-
teria or the keratinizing epidermis (2).
In the investigation of skin lipids the effect
of bacteria can be eliminated, and the possible
effect of dietary lipids minimized by working
with lipid obtained from the skin immediately
after birth (3). Nicolaides and Ray (4)
adopted this approach in studying the unsatu-
rated fatty acids from human fetal skin lipids
(vernix caseosa), and concluded that, as in the
adult, these consisted almost exclusively of
compounds of the S series. As such compounds
are not present in detectable amounts in other
tissues and are not the result of bacterial con-
tamination it is now accepted that they are
produced in the skin itself. The S unsaturation
occurred in the branched chain fatty acids pres-
ent in the skin lipid as well as in the pre-
dominant straight chain acids (4).
If the acids of the S series were the only
monounsaturated acids to be found in skin
lipids this would establish the lack of any direct
incorporation of monounsaturated acids from
the general metabolic pool, since these belong
almost exclusively to the S series. However, as
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the earlier reports described only the major
constituents of the skin lipid unsaturated acids
they did not delineate the extent of any direct
incorporation of fatty acids from the general
metabolic pool. This question has obvious clin-
ical as well as biological implications and, al-
though it may be studied by other means, de-
tailed examination of the fatty acid composition
of the skin lipids can at least help to define the
problem.
These considerations led to a detailed, quan-
titative analysis of the double bond positions in
the unsaturated fatty acids of a pooled sample
of vcrnix caseosa. The results were so at vari-
ance with those of Nicolaides and Ray (4)
that the investigation has been repeated using
a newly-developed technique (5) for determi-
nation of double bond positions. The results
from both of these studies arc now presented.
Although they are mutually corroborative, and
similar conclusions can be drawn from each,
there were quantitative differences, presumably
due to individual variation such that not all
constituents were available in sufficient amount
for study by both procedures.
EXPERIMENTAL
Pooled Sample
Collection of the Lipid. Vernix, free from
blood, was collected from the skin of several
newly-born babies by wiping with thoroughly
defatted cotton cloths as described previously
(6). The vernix was extracted from the cloths
with chloroform: methanol (2: 1) and the sol-
vent evaporated on a steam bath.
Isolation of the Monounsaturated Acids. The
lipid (3.15 gm) was saponified by heating at
50° C for 1 hour in 50 ml 0.5 N ethanolic
KOH. Then 100 ml of water was added and
the nonsaponifiable material was removed by
three extractions with ether. The remaining
aqueous layer was acidified and the acids ex-
tracted into ether. The ether solution was
washed with water, dried over sodium sulfate,
and evaporated to give 1.73 gm of fatty acids.
These were converted to methyl esters by re-
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fluxing for 4 hours in 50 ml methanol: H2S04
(50: 1), and the esters recovered by addition of
100 ml water and extraction into ether. A
portion of the methyl esters (1.084 gm) was
separated into 996 mg of unhydroxylated esters
and 93 mg of a-bydroxyesters by chromatog-
raphy on Florisil (3).
The unhydroxylated esters were treated with
10 gm mercuric acetate in 50 ml methanol
containing 2 drops of acetic acid. After 3 days
in the dark the reaction mixture was diluted
with 100 ml aqueous 1% acetic acid and ex-
tmctcd with chloroform. The chloroform layer
was washed with water, dried and evaporated
under reduced pressure. The residue was chro-
matographed on Florisil (10% water). The
esters of the saturated acids (596 mg) were
elutcd with hexanc and the mercuriated methyl
esters of the monounsaturatcd acids were
cluted with chloroform. The unsaturated
methyl esters were regenerated by treatment
of their mercury adducts with methanolic
HC1, dilution with water, and extraction into
hcxanc. Evaporation of the dried hexane solu-
tion left 305 mg of the monounsaturated esters.
Fractionation of the Monounsaturated Es-
ters. The methyl esters of the mixture of
monounsaturated acids were fractionated ac-
cording to chain-length and the presence of
chain branching by preparative gas chroma-
tography. This was performed on a 22 ft. by
0.375 in. o.d. aluminum column packed with
10% SE 30 silicone gum on 80—100 mesh
Chromosorb W. The nitrogen carrier gas
flowed at 120 ml/min. and the temperature
was programmed from 150 to 290° C. As each
peak emerged the material was trapped in a
short column of dry, 60—80 mesh Celite. The
principal fractions, which represented at least
50%, and usually 75—90%, of the respective
peaks, were subsequently recovered by pass-
ing 2 to 3 ml of ether through each cartridge
into a test tube. The ether was then removed
in a stream of nitrogen. Each of these fractions
was examined by analytical gas chromatog-
raphy, and several required refractionation in
the preparative gas chromatograph so that all
samples would consist of at least 98% of a
single chain length of fatty acids. Only straight
chain esters were collected in adequate amounts
in this initial examination. Their identity was
confirmed by gas chromatography with au-
thentic reference compounds.
Each of the pure-chain-length fractions was
examined by thin-layer chromatography on
silica gcl/10% silver nitrate, the plates being
developed with chloroform and visualized by
spraying with 2% KMnO4 solution. Each frac-
tion gave a single, slightly elongated spot, with
R ranging from 0.29 for the C14 fraction to
0.55 for the C26 fraction. On the same chro-
matogram methyl linoleate showed R 0.18,
methyl oleate 0.38, and methyl elaidate 0.59.
The fractions, therefore, did not contain trans
or polyunsaturated esters.
Determination of Double Bond Positions.
The methyl ester fractions were subjected to
oxidativc fission at the double bonds by the
pcriodate—permanganate method of Von Rud-
loff (7). The recovered oxidation products were
extracted twice with petroleum ether to re-
move the monocarboxylic acids from the in-
soluble dicarboxylic acids. These acid fractions
were then each converted to methyl esters by
treatment with boron trifluoridc:methanol. The
recovered esters were analyzed by gas chro-
matography. Each of the specimens was chro-
matographed at several appropriate constant
temperatures in order to ensure that all the
constituents were detected, identified by reten-
tion time relative to standard mixtures of au-
thentic esters, and adequately quantitated.
INDIvInUAL SAMPLE
Collection of the Lipid. The vernix (7.9 gm)
was collected from a newly-born infant with a
stainless steel spatula and taken up in 80 ml
2: 1 chloroform: methanol. The solution was
filtered and 16 ml of water was added to the
filtrate. The chloroform layer was evaporated
at reduced pressure, leaving 800 mg of lipid.
Isolation of the Monounsaturated Acids.
Saponification of the lipid and recovery of the
acids was carried out as described above, ex-
cept that hexane was used for all extractions.
The acids (341 mg) were converted into
methyl esters with boron trifluoridc :methanol.
The recovered esters were separated into 156
mg of saturated and 85 mg monounsaturated
compounds by the mercuric acetate method.
Fractionation of the Monoun.saturated Es-
ters. Preparative gas chromatography was car-
ried out in a manner similar to that described
above using a Packard Instrument Company
gas chromatographic fraction collector carry-
ing cartridges packed with dry Celite. Re-
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fractionation was performed when necessary to
produce fractions consisting of at least 98% of
a single straight or branched chain-structure.
The identity of the straight chain, even car-
bon-numbered components was confirmed by
the use of reference standards, and of the re-
maining constituents by their retention times
relative to these standards.
Determination of Double Bond Positions.
The locations of unsaturation in each of the
fractions from preparative gas chromatography
were determined by a recently-developed tech-
nique which has been shown to give reliable
results (5). In this procedure 1 mg or less of
the mixture of isomerie unsaturated fatty acid
methyl esters in 1 ml t-hutanol were treated
with 1 ml K2CO, solution (2.5 mg/mI) and 1
ml of stock oxidant solution containing 20.86 g
NaTO4 and 395 mg KMnO4 per liter. The mix-
ture was shaken for one hour and then acidified
with one drop of cone. 112804. The solution
was then extracted successively with 3 ml hex-
ane and with 3 ml hexane which had been
equilibrated with an equal volume of 33%
aqueous t-butanol. The combined hexane layers
were then shaken with 0.3 ml 1% aqueous
tetramethylammonium hydroxide, the mixture
centrifuged, and the aqueous layer transferred
Fxo. 1. Gas chromatograms obtained by pyrolysis methylation of the products from
oxidation of some monounsaturated acids of vernix caseosa (individual sample). Mono-
and diearboxylie esters are denoted by m and d respectively; mbr denotes branched mono-
ester. A. Products from the branched chain fraction. B. Products from the C10 straight
chain fraction. (Arrow indicates a contribution from the Ci branched chain impurity.)
C. Interpretation of the ehromatogram obtained for the oxidation products from the C20
straight chain fraction.
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to another tube. A 3 pl aliquot of this solution,
containing the tetramethylammonium salts of
the mono- and diearboxylic acid oxidation
products, was taken into a capillary probe,
dried at 800 for 5 mm, and then injected into
the vaporizer of the chromatograph at a
temperature of 3000 C. Under these conditions
pyrolysis of the tetramethylammonium salts
has been shown to give a quantitative yield of
methyl esters from monocarboxylic acids and
an approximately 90% yield from dicarboxylic
acids (8).
Thus the mono- and dicarboxylic acid oxida-
tion products were converted into correspond-
ing mixtures of mono- and diesters. These then
passed onto a 3 ft by Vs in. stainless steel
column packed with 80—100 mesh Diatoport S
coated with 10% of a mixture of 9 parts SE-30
silicone gum and one part diethylene glycol
suceinate. The column was programmed from
30 to 200° C during the analyses, allowing
complete resolution of all the components in
the oxidation products.
Several of the chromatograms of the oxida-
tion products showed the presence of only one
pair of peaks, as shown in Fig. 1A, indicating
that the parent monoenoic acid fraction con-
tained only one double bond position. This
provided absolute assurance that none of the
manipulations involved in fractionation of the
unsaturated fatty acids resulted in any detecta-
ble migration of double bonds. In all instances,
even where there was a complex mixture of
positional isomers, the pattern of the double
bond positions was quite unlike that which
would be produced by double bond migration.
In the few instances where a detectable im-
purity remained in the fractions from prepara-
tive gas chromatography this consisted only of
compounds having the same number of carbon
atoms but belonging to the alternative chain
structure. Thus the C15 straight-chain frac-
tion contained approximately 2% of the
branched-chain isomer. As shown in Fig. 1B, the
resulting branched-chain impurity in the oxida-
tion products was completely resolved, and was
eliminated from calculation of the proportions
of positional isomers.
Identification of the oxidation products was
based primarily upon the use of a reference
mixture of mono- and dicarboxylic acids. A
major advantage of analysis of the mono- and
diearboxylic acid fragments together was the
provision of rigid confirmation of their iden-
tities. Thus each chromatogram consisted of one
or more pairs of peaks, each pair representing
a mono- and a dicarboxylic acid present in al-
most equimolar proportions and containing be-
tween them the same number of carbon atoms
as the monoenoic acid from which they were
derived. This method of interpretation is shown
in Fig. 1C. Furthermore, resolution of the
homologous series of mono- and dicarboxylic
esters is such that the peak for any mono-
carboxylic acid is followed by the peak for the
diearboxylic acid containing three fewer carbon
atoms, if that compound should happen to be
present. These factors provide a unique in-
terpretation for each of the chromatograms.
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Table I contains the results of investigation
of the double bond positions in the unsatu-
rated acids from the pooled sample of vernix.
The results represent an average of those ob-
tained from the mono- and dicarboxylic oxida-
tion products. In general there was good agree-
ment between the compositions of the mixtures
of mono- and diearboxylic acids from each
oxidation, both as regards the positions of the
TABLE I
Proportions of positional isomers in each chain
length of the monounsatura ted acids of a pooled
sample of vernix caseosa (wt.%)
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
Number of carbon atoms in chain
Even Odd
16 20 22 24 26
nouble
bond
position
14
71
29
16
32
6
38
23
15
Si
19
16
45
36
17
11
4
21
47
15
5
20
15
15
45
5
19
21
28
12
19
19
21
24
4
6
35
4
25
5
7
13
60
14
25
10
33
49
S
8
1€
76
16
3
14
11
65
6
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TABLE II
Proportions of positional isomers in each chain length of the monounsaturated
acids of an individual sample of vernix caseosa
Chain type and number of carbon atoms
double bonds in the original monounsaturated
acids, and regarding the relative amounts of
each of the positional isomers. In those in-
stances where it was apparent that part of the
more volatile monomethyl esters had been lost
during the manipulations the corresponding
diesters were relied upon to provide the pro-
portions of the relevant positional isomers. The
results in Table I are approximated to the
nearest 1%, and isomers comprising less than
3% of each chain-length have been omitted.
In Table II the proportions of positional
isomers of the monoenoic acids from the in-
dividual sample of vernix are shown. The tech-
nique employed for determination of the pro-
portions of these isomers was found to produce
results to within 3% for major constituents and
to within about 10% for minor components
(<10%) when applied to known mixtures of
methyl esters of isomeric monounsaturated
acids (5). The results arc therefore approxi-
mated to two significant figures. Each of the
results for compounds containing up to 22 car-
bon atoms was calculated from the sum of the
peak areas for the mono- and dicarboxylie ester
produced from each isomer. For the mixture
of isomers above C22 the quantitative results
were calculated from the monocarboxylic frag-
ments alone because the long retention time of
the highest molecular weight diesters produced
broad peaks which were not accurately quanti-
tated.
Although the more recent technique em-
ployed in examination of the individual sample
of vernix is capable of providing more reliable
and more accurate results, particularly with the
small amounts of some of the chain-lengths
available, there was excellent confirmation of
the results obtained for the pooled sample by
the standard von Rudloff procedure. The prin-
cipal difference between the two analyses,
which may well be due to individual variation,
Even carbon Odd rarbon nranched
14
1
1.5
1.5
89
1.5
1.5
3.5
0.5
16
82
1
6
9
2
Double
bond
position
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
18 20 22 24 26 28 30 15 17 19 13 16 17 19 20 22
553 1 1 9046 599999737 5 3
0.5 2.5 — — 2 1.5 6 2.5 1 3 1.5 3
37 2.5 0.5 3 0.5 — 1.5 28 29 1.5 54 30 3
37 1 1.50.5 — — 1.5 15 26 3 25 4
1 20 1 1 1.5 0.5 0.5 1.5 20 36 22
18 14 0.5 — 0.5 — 4 18 0.5 1.5 12
— 2.5 8.5 0.5 0.5 3 1.5 0.5 50
0.5 47 11.5 — — — — 1.5 3
— 0.5 4.5 1 1 3.5
7 59 7.5 — — —
— 5 1.5 1
16 61 11 — —
— 2 3.5 1.5
20 63 5.5 —
1 1.5 3.5
14 70 4
2 1
8 65
17
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lies in the relative proportions of the A° and
A? isomers in the C16 to C16 range. In all other
respects the results may he considered col-
lectively.
The chain-length distribution of the monoun-
saturated acids from the samples of vernix are
given in Table III.
DISCUSSION
Although the results of earlier investigations
suggested the presence in skin lipids of only a
minor amount of a single s-unsaturated acid
(oleic), the present results establish that this
series constitutes a major proportion of the
positional isomers in all chain-lengths studied
except C14 and C16. The question then, is
whether the unsaturated acids in skin lipids
have a dual origin, with those of the & series
being synthesized de novo in the skin and those
of the A series being incorporated per se from
the bloodstream. Alternatively, the skin may be
capable of de novo synthesis of both the °
series and the A° series simultaneously. Specu-
lation on the biosynthetic pathways capable of
producing the mixture of positional isomers
found in this study provides some indication
that both enzymatic dcsaturation systems may
indeed be active in the skin. Thus all of the
constituents of the monocnoic acids may be ex-
plained in terms of pathways involving either
or ° dcsaturation of a saturated precursor,
followed by chain extension or chain shorten-
ing by 2-carbon units. Fig. 2 demonstrates these
theoretical biogenetic relationships for all of
the even carbon-numbered acids from the
pooled sample of vernix, together with the rela-
tive amounts of these found in the total mix-
ture of monounsaturated acids.
A similar interpretation is possible for all of
the constituents reported in Tables I and II,
including those with odd carbon-number and/or
branched chains. The major constituent in
each even-carbon straight chain mixture above
C,6 is that which would be derived from a
C16 precursor. It seems unlikely that this pre-
cursor (palmitoleic acid), which in all other
tissues is present in very much smaller amount
than oleic acid (a°-C15), would be preferentially
selected from the circulation. Each even chain-
length above C16 also contains a considerable
proportion of isomers apparently derived from
TABLE III
Chain length distribution in the monounsaturated
acids of vernix caseosa
S'-C,4, which is present only in minute amounts
in body fats.
The isomers of the ° series also appear to
be derived principally from a C16 precursor,
with some contribution from the elongation of
z6-C14. This similarity between the ° and a?
series of unsaturated acids suggests that they
may have a similar anatomical origin, where
the enzyme specificities or the effects of intra-
cellular distribution are different from those in
other tissues.
These observations apply equally well to the
straight chain compounds having an odd num-
ber of carbon atoms. The specificity of the
enzyme systems is such that each of the chain
lengths in this series appears to be handled in
the same way as the even-carbon compounds
with one carbon atom fewer. Thus there is a
distinct similarity between patterns of isomers
of C15 and C14, and of C17 and C16, and so on
throughout the two series.
The present results do not provide a firm
conclusion regarding the origin of the A° series
Pooled sample
Straight Branrhed
lodividual sample
Straight nranrhed
Number of
rarbon atoms
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
1.0
0.7
1.8
15.6
2.0
28
1.2
7.3
0.3
6.3
0.4
6.7
0.3
2.8
3.2
5.5
2.1
0.1
0.2
4.9
0.7
2.4
0.4
2.0
0.2
0.9
0.2
1.4
1.0
0.1
0.05
0.08
4.7
3.3
36
5.2
26
0.8
2.6
0.1
1.8
0.1
1.6
0.08
0.7
0.01
0.7
0.02
0.9
0.02
0.7
0.06
0.01
0.03
0.5
7.4
1.7
2.1
0.2
0.8
0.08
0.3
0.07
0.5
0.04
0.3
0.01
0.08
0.02
0.02
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Fio. 2. Probable biosynthetic relationship of all the positional isomers of even-carbon,
straight chain monounsaturated fatty acids detected in a pooled sample of vernix caseosa.
The proportion of each isomer in the total mixture of monounsaturated acids is indicated in
parts per thousand.
of unsaturated acids present in skin lipids but
do indicate that at least some of these com-
pounds may be produced in tbe skin itself.
REFERENCES
1. Wcitkamp, A. W., Smiljanic, A. M. and Roth-
man, S.: The free fatty acids of human bair
fat. J. Am. Chem. Soc., 69: 1936, 1947.
2. Nicolaidcs, N., Kellum, R. E. and Woolley,
P. V.: The structures of the free unsaturated
fatty acids of human skin surface lipid. Arch.
Biochem. Biophys., 105: 634,1964.
3. Downing, D. T.: The fatty acid composition of
vcrnix cascosa. Australian J. Chem., 16: 679,
1963.
4. Nicolaides, N. and Ray, T.: Skin lipids III.
Fatty chains in skin lipids. The use of vernix
caseosa to differentiate between endogenous
and exogenous components in human skin sur-
face lipid. J. Am. Oil Chemists' Soc., 42: 702,
1965.
5. Downing, D. T. and Crecnc, R. S.: Rapid de-
termination of double bond positions in un-
saturated fatty acids by periodate-permanga-
nate oxidation. Lipids, 3: 96, 1967.
6. Downing, D. T.: Composition of the unsaponi-
fiable matter of vernix caseosa. Australian J.
Chcm., 18: 1287, 1965.
7. Rudloff, E. von: Periodate-pcrmanganate oxi-
dations V. Oxidation of lipids in media con-
taining organic solvents. Canad. J. Chem., 34:
1413, 1956.
8. Downing, D. T.: Analysis of aqueous solutions
of organic acids by pyrolysis of their tctra-
methylammonium salts in the gas chromato-
graph. Anal. Chcm., 39: 218, 1967.
a9-czz
4
S-c,4
3N
30
/-e,.
"4
OF 4;
Es3-Czo A!5- Cn
' N 40 N
LF-C24 E3V-CzsN N
A!9- aP-c
6 22
